Abstract: Thirty reindeer bulls (age Vh years) were subjected to different pre-slaughter treatments to study the effects on ultimate pH values, muscle glycogen content, blood metabolites and abomasal lesions. Gathering and herding inro a grazing corral were followed by various selection procedures. Before starting these, a control group of 10 reindeer were captured by lasso and slaughtered outside the gtazing corral. Ten reindeer were then selected by hand from a small group of animals (100-150 head) in a small selection corral. Another 10 reindeer were selected from a large herd of about 1000-2000 animals, by the traditional technique of using a lasso. During a 6-hour selection, animals were captured and slaughtered after 1.5 hours (« = 2), 3-5 hours (» = 2), 5 hours (H = 3) and 6 hours (»=3) respectively. The results showed the technique of using a lasso to be stressful and glycogen-depleting, as the two lasso captured groups (the control group and the reindeer exposed to the protracted lasso selection) had the highest ultimate pH values and lowest muscle glycogen values measured. By contrast, the selection procedure where reindeer were captured by hand, was not found to be detrimental to glycogen content and ultimate pH values. Nevertheless, both selection techniques expose the reindeer ro acute stress during the capture and manual restraint, which in the present study was reflected in high plasma Cortisol values in all treatment groups. The frequency of abomasal lesions was highest in the group of reindeer subjected to the prolonged selection procedure. No connection between technological and sensory meat quality was found in this study. The technique of selecting animals by hand ought to be further developed so that existing practical problems can be solved. The Technique could then be recommended for wider use.
Introduction
The pre-slaughter handling of reindeer is nowadays mostly a modern management procedure which is dependent on mechanical aids such as motorcycles, snowmobiles, helicopters and lorries. All these aids are used during gathering, herding and transportation to slaughter. However, there are also specific and traditional handling procedures involved in the RangiSer, 17 (2), 1997
Rangifer, 17 (2): 65-72 slaughter handling of reindeer, procedures closely associated with Saami culture. One of these procedures is the selection of animals just before slaughter by the use of a lasso (Malmfors & Wiklund, 1996) .
The pre-slaughter handling of animals is of great importance for the quality of meat as well as for animal welfare (Warriss, 1993; Gregory, 1996) . In Table 1 . Characteristics of various treatment groups of reindeer included in the study. reindeer, meat quality traits (ultimate pH values, glycogen content and sensory quality) have been compared between animals handled differently preslaughter and animals shot undistutbed in the mountains. From these studies it was concluded that helicopter herding, lorry transport and lairage at the slaughterhouse did not significantly impair ultimate pH values or glycogen content in the muscles (Wiklund etal., 1995; 1996a; 1996b) . The traditional lasso selection technique however was evidently a very stressful and glycogen-depleting handling procedure (Wiklund et al., 1996b) . Furthermore, the sensory quality of the meat appeared to be affected by pre-slaughter handling, as a 'stress-flavour' was detected in meat from reindeer subjected to gathering, lasso selection and helicopter herding, whereas this flavour was not detectable in meat from reindeer shot in the mountains.
The purpose of the present investigation was to study and compare the effects of two commonly used pre-slaughter selection procedures for reindeer (by using a lasso or by catching the animals by hand) on technological (ultimate pH and glycogen content) and sensory meat quality. Another objective was to study the effects on stress-induced blood metabolites and pathological changes in the abomaCapture and stunning procedure Captured by lasso (all 10 reindeer within 30 min). Manually restrained and stunned with a captive bolt outside the grazing corral.
Captured by hand (all 10 reindeer within 10 min) in the antlers or around the neck. Manually restrained and stunned with a captive bolt just outside the selection corral.
During a 6-hour selection, animals were captured by lasso after 1.5 hours (» = 2), 3.5 hours (»=2), 5 hours (»=3) or 6 hours («=3). Manually restrained and stunned with a captive bolt just outside the selection corral. sal mucosa after these two pre-slaughter selection procedures.
Material and methods
The study was performed in Mellanbyn, a Saami community close to Gallivare in northern Sweden. A total of 30 reindeer bulls (age Viz years) were subjected to three different pre-slaughter treatments (Table 1) .
The reindeer were stunned with a captive bolt. Upon exsanguination, blood samples were collected in heparinized tubes, chilled, centrifuged and within 45 min after sampling, the plasma was frozen in liquid nitrogen (-196°C). Samples from M. longissimus (LO) (at the last rib), M. biceps femoris (BF) and M. triceps brachii (TB) were taken no later than 15 min post mortem and frozen in liquid nitrogen.
Blood and muscle samples were taken directly outside the grazing and selection corrals, and the carcasses were then transported by helicopter to the slaughterhouse in Harra, a distance of about 3 km, where the slaughter procedure was completed.
The abomasal mucosa from all reindeer were examined for the presence of mucosal lesions and haemorrhages and judged on a scale from 0 (not affected) to 4 (severe lesions).
Control group. Herded and driven to a grazing corral. Over-night holding in the grazing corral.
Same treatment as group A. Then, after the reindeer in group A had been captured and slaughtered, a small group of animals (100-150 head) were transferred from the big herd in the grazing corral, to a small selection corral.
Same treatment as group A. Then, after the reindeer in groups A and B had been captured and slaughtered, the whole hetd (1000-2000 head) was transferred from the grazing corral to a large selection corral. 
Glycogen determination in muscle samples
Muscle samples were freeze-dried for 24 h whereafter connective tissue, fat and blood were removed under a dissection microscope. Glycogen was analysed by assessing glucose residues after 1-2 mg of tissue had been boiled for 2 h in 1M HC1 (Lowry & Passoneau, 1973 ). 
Blood metabolites

Sensory evaluation
The carcasses were chilled for 2 days, after which the saddles (the part of the back which is cut out between vertebrae thoracales 6-7 and vertebrae lumbales 5-6) were excised and frozen. The saddles were then transported to Matforsk (Norwegian Food Research Institute, As, Norway) where the sensory analysis was performed. Each saddle was split in two parts (right and left M. longissimus) and sawn into chops. The panel members invariably received their chops from the same part of the longissimus muscle. The chops had been vacuumpacked and then heated in a waterbath to + 65°C for 120 min. The sensory profile of the reindeer meat was assessed by a trained expert panel of 10 members, using a descriptive test (Stone & Sidel, 1985; Piggott, 1988) . The questionnaire was formulated with particular reference to reindeer meat (Wiklund et al., 1996b) . The definitions of the profile attributes are set out in Table 2 , and the panel scored the sensoty attributes on a continuous intensity scale ranging from 0 (low intensity) to 9 (high intensity).
Statistical analyses
The statistical analyses were carried out with the Statistical Analysis System (SAS Institute Inc., 1995) using the GLM and MIXED procedures. The model for comparing pH values and glycogen content included the fixed effects of treatment group and muscle, the random effect of animal nested within treatment group, and also the interaction (treatment group x muscle). The model for comparing muscle and blood parameters and abomasal lesions included the fixed effect of treatment group. When the sensory attributes of the longissimus muscle were compared, the model included the random effect of animal nested within treatment group, as well as the fixed effects of treatment group and panel As in earlier studies (Wiklund et al., 1995; 1996a; 1996b ) pH values were converted in the statistical analyses to hydrogen ion concentrations and when presenting the mean values they were transformed back from estimates on the concentration scale. Standard errors, however, become non-symmettic and error ranges on the pH scale were therefore calculated from the estimated means ± standard errors.
Results
Glycogen content and ultimate pH values
The group of reindeer selected by hand (B) had the significantly highest content of glycogen in Mm. longissimus, biceps femoris and triceps brachii (Table 3) .
The ultimate pH values measured in Mm. longissimus and biceps femoris in the lasso selected group (C) were significantly higher than in reindeer selected by hand (group B) (Table 3 ). In M. triceps brachii 68 there were no differences in ultimate pH between groups.
Blood metabolites and abomasal lesions
The group of reindeer traditionally selected by lasso from a large herd of animals during 6 hours (C) showed the highest ASAT values in comparison with the other two groups (Table 4 ). The urea values of the control group (group A) were significantly lower than in the selected groups (groups B and C). Cortisol values were high in all groups, but the selected groups (B and C) had the highest values in comparison with the control group (A). During the ptotracted selection (group C) there was a trend of increasing Cortisol values and after 6 hours of running in the selection corral, the highest values were recorded (Fig. 1) . When investigating the abomasal mucosa it was found that the lasso selected group (C) had most lesions, and during the selection in this group there was a tendency of an increase in the frequency of lesions so that after 6 hours of running the highest values were registered (Fig.l) . 
Sensory evaluation
Significant inter-group differences were found regarding odour, colour and flavour attributes. Meat from reindeer in the control group (A) had a stronger intensity of odour, compared with the lasso selected group (C). The control group also had a stronger, more pungent odour than the other groups. In the group selected by hand (B), the meat had a slightly darker colour than in the other groups, and also had a more acidic flavour, compared with the control group.
Discussion
In this study it was clearly demonstrated that the pre-slaughter selection techniques variously affected the ultimate pH values of the meat and the muscle glycogen stores. Though all the 10 reindeer in group A were captured by lasso within 30 min, their muscle glycogen values were very low in all muscles studied {Mm. longissimus, biceps femoris and triceps brachii) and indistinguishable from those of reindeer in group C which were traditionally selecRangifer, 17 (2), 1997 ted by lasso during 6 hours. Our earlier studies showed that glycogen stores were not depleted when reindeer were transported by lorry for distances up to 1000 km or when kept in lairage for 2 days with access to hay and water (Wiklund et al., 1996a) . Herding by helicopter for 1,2 and 3 days respectively did not deplete muscle glycogen stores, whereas the traditional lasso selection procedure was indicated to be a stressful and glycogen-depleting event (Wiklund et al., 1996b) . Manual handling and restraint have been found to cause severe muscle glycogen depletion in reindeer (Essen-Gustavsson & Rehbinder, 1984) . The results of the present study showed that the reindeer is particularly sensitive to the restraint stress implicated in handling procedures where the lasso is used.
Reindeer meat has earlier been reported to have extremely high ultimate pH values and low glycogen content, qualities associated with DFD (dark, firm, dry) meat, which is a well-known meat quality defect (Petaja, 1983; Wiklund et al., 1995) . DFD meat has a shorter shelf life, especially if the meat is vacuum-packed, therefore it is a 'rule of thumb' in the meat industry that any fresh meat with a pH value of 5.9 or more is not vacuum-packed (Zeuthen & Mead, 1996) . The Swedish slaughter industry nowadays usually applies a DFD limit of 5.8 for the M. longissimus in beef carcasses. Had this limit been applied in the present study, 12 carcasses of the total of 30 (4 from group A, 1 from group B and 7 from group C) would have been classified as DFD.
The results published from earlier studies where various shoulder muscles in reindeer were found to have higher ultimate pH values compared with the longissimus muscle (Skjenneberg et al., 191 A; Petaja, 1983; Wiklund et al., 1995; 1996b) , could only be confirmed in the present study when the reindeer were selected by hand (group B). The present results might be attributable to the way in which physical force is applied to a lasso-captured reindeer. The animal expends much of its muscular strength during the fight and struggle when captured and dragged out of the selection corral. Most of the muscles will therefore become more or less glycogen depleted and produce meat with high ultimate pH values.
The plasma ASAT and urea values measured in the present study were fairly low and stable, compared with earlier studies on reindeer where these blood metabolites were used as markers for catabolism of protein due to submaintenance energy intake or to stress (Hyvarinen et al., 1976; Nieminen, 1980; Wiklund et al., 1996b) . In earlier studies, plasma Cortisol content has been used as a marker for acute stress in veal calves (Trunkfield & Broom, 1990; Trunkfield et al., 1991) , cattle (Eichinger et al., 199D and reindeer (Rehbinder et al, 1982; Wiklund et al., 1994) . The Cortisol values measured in the present study were high in all groups. Mucosal lesions and haemorrhages in the abomasum as a result of acute stress, have earlier been demonstrated in reindeer (Rehbinder, 1990; Wiklund et al., 1996b) . In the present study, the frequency of abomasal lesions was highest in the lasso-selected group (C), and during the 6 hours of selection the frequency increased, actually synchronized with the Cortisol values (Fig. 1) . In the present study we could conclude from the measured values of blood metabolites and abomasal lesions that the sudden stress caused by capture and restraint affected reindeer in all three groups, but that the protracted lasso selection procedure (group C) had the most serious impact on reindeer homeostasis.
A certain 'stress-flavour' has earlier been described in reindeer meat from animals exposed to intensive pre-slaughter handling (Rehbinder & Edqvist, 1981; Wiklund et al, 1996b) . The results of the present sensory evaluation revealed very few differences between the treatment groups, though meat from reindeer in the control group (A) had the highest values of pungent odour (one of the qualities associated with the concept 'stress-flavour'). The individual variation among animals to develop a 'stress-flavour' and other off-flavours in the meat might explain this phenomenon. Furthermore, meat from the group selected by hand (B) tended to have high values of liver odour, liver flavour and also of acidic flavour. The latest results are consistent with earlier reports on beef (Eilers et al., 1994) and Table 4 . Blood metabolites and abomasal lesions (least-squares means ± standard errors) in reindeer bulls included in the study and the degree of significance for the effect of treatment group, «=10 in each group. reindeer (Wiklund et al., 1996b) where a relationship between low ultimate pH values and liver flavour in the meat was found.
The results from the present study confirmed earlier findings that the traditional selection technique of using a lasso was the most stressful and glycogendepleting pre-slaughter handling procedure for reindeer so far studied. Another commonly used selection procedure, where the animals are selected by hand, was shown to subject the reindeer to a short period of acute stress, but was not to be detrimental to ultimate pH values and muscle glycogen content. This selection technique ought to be further developed so that existing practical problems can be solved (e.g. during the early autumn slaughter of adult bulls, this technique can be dangerous as regards labour protection), and thereafter the technique could be recommended for more general use.
There is still a need for further research in the field of sensory quality of reindeer meat. The phenomenon 'stress-flavour' per se ought to be further investigated and explained chemically. Stress-flaRangifer, 17 (2), 1997 vour also needs to be investigated in meat from reindeer given supplementaty feeding, and exposed to protracted lorry transport and pre-slaughter lai¬ rage at the slaughterhouse, in order to assess the effects of these handling routines on the sensory quality the meat. The importance of individual variation among animals to develop various off-flavours in the meat should also be investigated. The considerable variation in the diet and nutritional status of reindeer over the year ought to be studied regarding the sensory quality of the meat from reindeer slaughtered at various seasons of the year.
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